. The patients were assigned to four different groups according ta the findings at the most recent preoperative heart catheterization, at operation, and in eight cases at postmortem examination.
THE FIRST intraatrial baffle operation at The
Hospital for Sick Children for correction of transposition of the great arteries (TGA) was performed in May 1963. The patient was 18 months old and had had an atrial septal defect (ASD) created under inflow occlusion at the age of 2 weeks.1 Nine years later this patient leads a normal life. A further 122 children have had an intraatrial baffle inserted since. All those discharged from the hospital who survived operation were reexamined for various lengths of time.
A physiologic rather than anatomic correction, the intratrial baffle operation redirects both circulations at the atrial level. The early results of the From the Department of Cardiovascular Surgery, The Hospital for Sick Children, and the University of Toronto, Toronto, Canada. Group II: 22 patients (18%) with VSD, no left ventricular outflow tract obstruction, and left ventricular pressure near or at systemic levels.
REPAIR OF TGA
Group I11: nine patients (7%) with VSD and left ventricular outflow tract obstruction (LVOTO). The site of obstruction was valvular, subvalvular, or combined. The pressure difference was 40 mm Hg or more at rest (table 2).
Group IV: five patients with intact ventricular septum and LVOTO as defined in group III.
Patients with double-outlet right or left ventricles, single ventricles, and pulmonary or tricuspid atresia were excluded from the study. A total of 121 palliative procedures had been performed on 92 of the children prior to the intraatrial baffle operation (table 3) .
Procedures
All patients were operated upon under cardiopulmonary bypass, and moderate (30°C) hypothermia was employed as an adjunct in 64 (52%). The superior vena cava was directly cannulated, and the inferior vena cava cannulated at the cavoatrial junction using rightangled metal cannulae.6 Four of our patients weighing from 6.5 to 10 kg were operated upon under deep hypothermia and circulatory arrest,7 allowing the procedure to be carried out with striking ease. Prior to the insertion of the baffle, the remaining atrial septum was totally excised and the intraatrial groove oversewn.8 Pericardium was used for the baffle except in two cases in which a Dacron patch was used.
The coronary venous return along with the systemic venous circulation was diverted behind the baffle, either by cutting back the coronary sinus orifice or, as in 40% of the cases, by creating a window into the left atrium and closing the former opening with superficial sutures. A small flap of atrial septum was preserved for suturing In the last 2 years, the overall early mortality has declined to 15% (table 5) . Once again, the mortality rate among patients in group III (17%) was less than that in group 11 (27%).
The causes of early death in total series are listed in table 6 . Seven children with pulmonary hypertension were in group II. Four of five children who had low cardiac output were found at postmortem study to have some degree of left ventricular obstruction, either unrecognized or incompletely relieved at the time of operation. The remaining patient died following a 35£-hour cardiopulmonary bypass for VSD closure, PA debanding, and infundibulectomy in addition to the intraatrial One child died at reoperation to correct detachment of the baffle. The last late death was due to pulmonary hypertension. This child, in group I, had not been previously banded, and his PA pressure was at systemic level. He died 7 months after surgery when his tracheal tube was being changed.
No child developed a late caval obstruction syndrome.
Status of Survivors
Ninety-seven patients survived the immediate operative period. There were 12 late deaths. Five patients were lost to follow-up, from 1 month to 4 years postoperatively.
Patients have been reexamined regularly over a period of up to 9 years in the The ECG findings at the time of the last report are outlined in table 8. The origin of junctional rhythm has not been accurately determined in the absence of more detailed studies. Both children with complete heart block had a VSD repaired: one had a pacemaker implanted, and the other one tolerates a ventricular rate of 55 beats/min.
Finally, a survival curve was established using an actuarial method, knowing the status of the patient at the last report and the interval from operation to fig. 1 ). This shows a 78.4% survival at 6 years.
Discussion The incidence of TGA is approximately 5-10% of all congenital heart diseases,'3 and before the introduction of balloon atrial septostomy (BAS) 14 90% of the infants born with TGA would have died within the first 7 weeks of life. Our data indicate that approximately 78% of the diagnosed cases survived 1 year following BAS. Our figures suggest that 78.4% surviving the early postoperative period after intraatrial baffling will be alive 6 years after operation.
Despite this obvious improvement, the intraatrial baffle operation still carries a total (early plus late) mortality of 31%. Other published series2'5 have total mortality rates between 26 and 40%. The main complications described are heart failure, pulmonary venous obstruction, conduction and rhythm disturbances, and tricuspid regurgitation.2 3, 15A7
We have been able to evaluate these problems over a 8%-year follow-up period. REPAIR OF TGA Table 9 Modality This series includes our earliest operative cases and children from group II with pulmonary hypertension who had a correction without previous PA banding in whom the mortality is higher (table 9). In "ideal" cases, those of group 1, the total mortality has decreased in the past 2 years to 16%.
What has been called late mortality in 12 patients deserves some comment. There were only three completely unexpected late deaths; two have been attributed to arrhythmias and one to hypoglycemia. Four patients had refractory heart failure postoperatively. They should be considered delayed deaths. All had marked cardiac enlargement radiologically. Catheter restudy showed myocardial failure without tricuspid incompetence, and no evidence of pulmonary venous obstruction. At autopsy none of them had residual LVOTO. Heart failure seemed unrelated to the duration of aortic clamping or the presence of a ventriculotomy and remains unexplained.
Pulmonary venous obstruction represents a serious although technically correctable complication. Stark et al.,17 pointed out that the patients in their study with this complication had a history of breathlessness developing after operation. In our experience two of three children had evidence of heart failure clinically, without specific radiologic signs. The third child died suddenly. A catheter study should be performed when pulmonary venous obstruction is suspected, and every attempt should be made to obtain a pulmonary artery pressure and pulmonary artery wedge pressure. If both are elevated in the presence of a normal right ventricular end-diastolic pressure, a revision of the baffle must be attempted and the pulmoniary venous channel enlarged. Postmortem study in our cases showed that, as well as contraction of the pericardial baffle, there was an adhesionlike process, which might well have started on the remnants of the atrial septum. The intraatrial groove should therefore be carefully oversewn after resection of the septum. Likewise, care should also be taken niot to have too large a baffle. This is sometimes best achieved by tailoring the baffle as described by others.'8l Arrhythmias occurred in 26 (30%) of the operative survivors. Despite this high incidence, late arrhythmias were either well tolerated, as in 15 cases of junictional rhythm, or well controlled by medical treatment, as in five cases of atrial flutter. Furthermore, arrhythmias were thought to be responsible for only two late deaths, although this vas not proven. Different authors3' 5 have deseribed some modifications in the baffling procedure to lessen the incidence of arrhythmias. Our technic has been basically unchanged since first described,i except for the direct cannulation of the superior venia cavae and closure of the former coronary sinus orifice, when it openis through a window into the original left atrium. An unavoidable technical step in the procedure is the resection of the remaining intraatrial septum, with interruption of the conduction pathways. We do not know the funictional status of any remaining tract, and, therefore, the effect of cutting back the coronary sinus orifice. It is important, however, to anchor the baffle with superficial sutures in this area. If a pacemaker must be implanted after the procedure, we prefer an epicardial lead rather than a tranisvenous one to avoid both malposition in the left ventricle and possible late superior vena caval obstruction.
Tricuspid regurgitation has not been a problem and was not found in any of the 14 children restudied postoperatively. Tynan patients, nine with VSD, contributing to death in three of them. When a VSD is closed in TGA, special care should be taken to avoid damaging the valve or distorting its ring.
Our present policy in management of TGA is based on the analysis of the data presented in this report.
Every child in whom a TGA is diagnosed should have a BAS. If the child's condition deteriorates, recent success with deep hypothermia and circulatory arrest would lead us to undertake total correction rather than a further palliative procedure at any age.
In children with D-TGA and intact ventricular septum, in whom BAS is successful, total correction is undertaken when they reach the age of 1 year using conventional cardiopulmonary bypass; the current operative risk is less than 10%. We are now performing total correction earlier, although the threat of pulmonary vascular disease is minimal in these children before 1 ycear of age.
In TGA plus VSD our policy in any child with heart failure or pulmonary hypertension has been to band the PA and create an atrial septal defect Circulation, Volume XL VII, May 1973 usually by an Edwards procedure"' at 3-months of age. The baffling procedure associated with VSD repair and PA debanding and reconstruction is formidable. We had three operative deaths in 12 patients. The combined risk of palliation and total correction is such that we now recommend primary total correction before 6-8 months of age using deep hypothermia and circulatory arrest.
Children with LVOTO can usually wait for a longer period of time before any correction is undertaken. If necessary, palliation can be obtained by a systemic-to-pulmonary shunt, preferably a Blalock-Taussig anastomosis. The anatomy of the obstruction as defined by angiocardiography determines the definitive operative procedure. With valvular or discrete subvalvular obstruction, as sometimes encountered, a baffling procedure can be used to repair the transposition, and the LVOTO can be approached directly through the PA. If the subvalvular area is of the long tunnel type, we recommend waiting until the child is at least 5 years old. We have found an intraatrial baffle procedure associated with a relief of the LVOTO and closure of the VSD in children from group III to carry a Figure 5 Postoperative lateral view in same child.
lower operative mortality than in those children from group II (17% over the past 2 years). Furthermore, we have been able to obtain a good opening in the outflow tract in most cases, as demonstrated in figures 2-5. However, in some cases Rastelli's operation 20, 21 may be safer than the direct approach to the lesion, although the longterm results of this recent procedure are unknown.
